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(57) Abstract 

In a shoe sole (2) comprising a first chamber (6) and a second chamber (7), which chambers are completely or partially 
filled with a fluid (10), and a channel (1 1) interconnecting said chambers (6, 7), by means of which channel the fluid (10) upon 
compression of one of the chambers (6 or 7) may be transferred to the other one of said chambers to expand said other chamber, 
the first chamber (6) is positioned so as to extend essentially only underneath the heel portion (8) of the foot (5) whereas the sec- 
ond chamber (7) is positioned so as to extend essentially only underneath the longitudinal arch (9) of the foot (5). Upon expan- 
sion of the second chamber (7) due to the compression of the first chamber (6) when affected by the heer portion (8), said second 
chamber forms a dynamic pronation support underneath the longitudinal arch (9). When this arch bears a weight thereon, it 
causes the second chamber (7) to be compressed. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify Slates party to the PCI* on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


FR 


France 


MR 


Mauritania 


AU 


Australia 


GA 


Gabon 


MW 


Malawi 


BB 


Barbados 


CB 


United Kingdom 


NL 


Netherlands 


BE 


Belgium 


CN 


Guinea 


NO 


Norway 


BP 


Burkina Faso 


CR 


Greece 


NZ 


New Zealand 


BC 


Bulgaria 


HU 


Hungary 


PL 


Poland 


BJ 


Benin 


IE 


Ireland 


PT 


Portugal 


BR 


Brazil 


IT 


Italy 


RO 


Romania 


CA 


Canada 


JP 


Japan 


RU 


Russian Federation 


CF 


Central Afriuan Republic 


KP 


Democratic People '» Repuhlic 


SD 


Sudan 


CC 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SK 


Slovak Republic 


CI 


Cdie d'l voire 


KZ 


Kn/akrutan 


SN 


Senegal 


CM 


(uniuroun 


I.I 


iJcchlcnstcin 


SU 


Soviet Union 


CS 


( Yccbu=»luvuVij 


LK 


Sri 1 anU 


TO 


CTiad 


CZ 


CVcch Rupublk. 


UU 


Ijjiembourg 


TC 


Togo 


DE 


Germany 


MC 


Monaco 


UA 


Ukraine 


OK 


Denmark 


MG 


Madagascar 


US 


United Stales of America 


ES 


Spain 


Ml. 


Mali 


VN 


Vict Nam 


FI 


Finland 


MN 


Mongolia 







WO 93/18677 



PCI7SE93/00239 
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SHOE SOLE CONSTRUCTION 

The present invention generally concerns a shoe sole 
having a dynamically shock -absorbing structure, but above 
5 all a shoe sole providing a dynamic pronation support. The 
shoe sole is particularly suitable for sport shoes and may 
be used for instance for running on hard surfaces. It may 
also be used in e.g. walking boots, working shoes, in 
principle in all types of footgear. It may also be 

10 designed as a separate insole to be placed inside the shoe 
it is designed for. 

In walking and running, the foot has to bear con- 
siderable weight corresponding to several times the body 
weight, each time it is set down into contact with the 

15 ground or the surface underneath. The cushion of fat found 
for instance in the heel dampens the impact upon heel 
strikes, that is the phase of the walking cycle when the 
heel is set down into contact with the surface underfoot. 
At the midstance stage of the walking cycle, when the 

20 whole foot is in contact with the surface, and at the heel 
elevation stage, when the heel portion is lifted, the main 
weight is on the longitudinal arch of the foot (the arch 
extending lengthwise on the inner side of the foot), 
resulting in deformation of this arch which plays an 

25 important part of the energy absorption. 

During walking and running the feet pronate, i.e. the 
outwards margin of the foot is turned outwards -upwards as 
the foot is set down on the ground or the support. An 
increase of the pronation results in an increase of the 

30 weight on the longitudinal arch of the foot and conse- 
quently a higher risk of overstraining, which in turn may 
be the cause of permanent deformation of the arch. 

Congenital anatomic conditions, such as an increased 
pronation or other weaknesses in the foot, cause degrada- 

35 tion or weakening of the various functions of the foot 

which may give rise to insufficiency symptoms originating 
from the longitudinal arch. The problems caused by 
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weakened longitudinal arches may often be remedied by the 
use of suitable arch supports. Also originally normal 
longitudinal arches may, when exposed repeatedly to heavy 
loads from walking or running on very hard surfaces, may 
5 lose their vaulted shape and consequently their weight- 
distributing capacity, which could also produce insuf- 
ficiency symptoms. 

Problems of this kind are common and are caused for 
instance by the use of unsuitable or bad- fitting shoes, or 

10 e.g* by activities carried out on hard surfaces, such as 
ashpalt and concrete. Preventive as well as therapeutic 
measures to avoid such insufficiency conditions therefore 
are most important. Malfunctioning of the feet and unsuit- 
able or badly constructed shoes may also cause injuries 

15 and lead to insufficiency conditions,, particularly in the 
lower extremities, such as the feet, the ankle joints, the 
lower leg, the knee joints, the hip region and the back. 

Sport activities expose the body to considerable 
stress and strain. Particularly during sports activities 

20 such as running, jumping, and the like, large parts of the 
skeleton must bear considerable weight, a condition which 
is aggravated for instance by excess pronation, and which 
may lead to injuries on the lower extremities and in the 
back. Such injuries may occur as a result of long-standing 

25 and repeated weight bearing, as is the case with for 
instance long-distance runners, or may be caused by 
isolated instances of heavy but unsuitable exposures to 
weight bearing, such as may be experienced e.g. in triple 
jumping. 

30 Shoes for sport uses therefore should have a sole 

which is able to absorb and cushion as far as possible the 
shocks and the load produced as the foot is set down into 
contact with the ground. However, the shoe sole must not 
be too thick, as this would make the shoe too heavy and 

35 thus impair the achievable results of the contestant. 
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The purpose of the present invention thus is to 
provide a shoe sole of a construction that is capable of 
providing satisfactory shock absorption while at the same 
time giving the longitudinal arch of the foot a dynamic 
5 pronation support. 

To achieve this purpose, the shoe sole in accordance 
with the invention is formed with a first chamber and a 
second chamber arranged in the sole and completely or 
partially filled with a fluid, and with a channel inter- 

10 connecting said chambers, said channel arranged, upon 
compression of one of the chambers, e.g. the first 
chamber, to transmit fluid from said first compressed 
chamber to the second one of said chambers for expansion 
of said second chamber, or vice versa, said first chamber 

15 being positioned essentially only underneath the heel 
portion of the foot. The characteristic features of the 
invention are that the second chamber is positioned 
essentially only underneath the longitudinal arch of the 
foot and in that due to the compression of the first 

20 chamber when the latter is activated by the heel portion, 
said second chamber fills with fluid and expands, lifting 
the longitudinal arch immediately prior to said arch 
absorbing the load and thereafter being deformed. In this 
manner the arch of the foot receives a dynamic support 

25 during the deformation which is gradually dampened. 

By means of a shoe sole constructed in this manner 
excellent shock absorption is achieved as the heel portion 
is set down on the support while at the same time the 
person wearing the shoe enjoys a dynamic pronation support 

30 at midstance, i.e. when the entire foot is in contact with 
the ground. A shoe sole of this construction considerably 
reduces the risks for injuries on and insufficiency 
conditions arising from above all the longitudinal arch of 
the foot and the lower extremities while at the same time 

35 it facilitates sports activities, such as running, jumping 
and similar sports- 
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The invention will be described in closer detail in 
the following with reference to the accompanying drawings 
illustrating an embodiment thereof which is preferred at 
the moment r and wherein 
5 Fig. 1 schematically in a longitudinal section view 

illustrates a shoe fitted with a sole in accordance with 
the invention in the heel-strike phase of walking or 
running,, i.e. when the heel portion is set down into 
contact with the ground. 
10 Fig. 2 is a cross-sectional view along line II-II of 

Fig. 1. 

Fig. 3 is a view similar to Fig. 1 but illustrates 
the heel elevation phase of the cycle, i.e. when the rest 
of the foot is set down into contact with the ground but 

15 the heel portion is lifted. 

Fig. 4 illustrates schematically in a perspective 
view obliquely from above the shoe sole in accordance with 
Figs. 1 and 3, showing in closer detail the position of 
the chambers formed in the sole. 

20 The shoe sole illustrated in the drawing figures 

indicated generally by reference 1, comprises a sole 2 to 
be described in closer detail in the following , uppers 3 
and an insole 4. The shoe is shown worn on a foot 5. 
As appears from the drawing figures, the sole is 

25 formed with a first chamber 6 and a second chamber 7, the 
first one of which, 6, being positioned essentially only 
underneath the heel portion 8 of the foot 5 whereas the 
second chamber 7 is positioned essentially only underneath 
the longitudinal arch 9 of the foot 5. 

30 The first and the second chambers, 6 and 7, respect- 

ively, are completely or partially filled with a suitable 
fluid 10 , such as a gas och a more or less viscous liquid. 
The chambers 6 and 7 are interconnected by means of an 
interconnection channel 11 which is arranged in the 

35 interior of the sole 2 and which may be formed by two or 
several branch channels. 
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Via the interconnection channel 11 the fluid 10 may 
be transferred from one channel to the other, i.e. upon 
compression of chamber 6 it is transferred to chamber 7 to 
expand the latter, and reversely. Upon expansion of the 
5 second chamber 7 due to the compression of the first 

chamber 6 as the latter is affected by the heel portion 8 
of the foot 5, the second chamber 7 acts as a dynamic 
pronation support underneath the longitudinal foot arch 9, 
whereby, when the latter is exposed to load as a result of 

10 the foot hitting the ground, said second chamber 7 will be 
compressed followed by expansion of the first chamber 6 
via the interconnection channel 11. 

As appears particularly from Figs. 1, 2 and 4, the 
second chamber 7, in its expanded condition, will impart 

15 to the portion 12 of the sole 2 that is contiguous with 
the longitudinal arch 9 a configuration conforming 
to the natural shape of the longitudinal arch 9 of the 
foot in the non weight-bearing condition of the arch. 

In order to produce a controlled and/or predetermined 

20 throttling of the flow of the fluid 10 between the 

chambers 6 and 7 via the interconnection channel 11, the 
latter may be formed in one or several of the branches 
thereof with a throttling means, not shown, e.g. in the 
shape of a constriction of the channel and/or an 

25 adjustable throttling valve. 

For the purpose of supplying or removing fluid 10 and 
thus of adapting the dynamic pronation support at will and 
according to need an external connection fitting, not 
shown, may be provided for at least one of the chambers 6, 

30 7 and/or for the interconnection channel 11. The external 
fitting could comprise a non-return valve or similar means 
in the edge portion of the sole 2, said non-return valve 
being connected to the associated one of chambers 6, 7 
and/or to theinter connect ion channel 11 via a connecting 

35 passageway. 
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Like the interconnection channel 11 which as 
mentioned previously may be formed from two or several 
part or branch channels also the first and/or the second 
chambers 6 and 7, respectively, could of course be divided 
5 into two or several part chambers to vary the qualities of 
the shoe 1 or of the sole 2. For instance, the sole 2 may 
thus be made more or less resilient and its shock- 
absorbing and supporting effect be made larger or smaller. 

The invention should of course not be regarded as 
10 limited to the embodiment illustrated in the drawings and 
referred to in the aforegoing but may be modified in a 
variety of ways within the scope of the appended claims. 
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CLAIMS 

1. A shoe sole comprising a first chamber and a 
second chamber (6 and 7, respectively), said chambers 
arranged in said sole and completely or partially filled 

5 with a fluid (10), and a channel (11) interconnecting said 
chambers (6, 7), through which interconnecting channel 
(11), upon compression of said first chamber (6), fluid 
(10) may be transmitted from said first chamber (6) to the 
second one (7) of said chambers for expansion of said 

10 second chamber (7), or reversely, said first chamber (6) 
being positioned essentially only underneath the heel 
portion (8) of the foot (5), characterized in 
that the second chamber (7) is positioned essentially only 
underneath the longitudinal arch (9) of the foot (5) and 

15 in that due to the compression of the first chamber (6) 
when the latter is affected by the heel portion (8), said 
second chamber (7) fills with fluid (10) and expands so as 
to lift the longitudinal arch (9) immediately before said 
arch (9) is about to absorb the load which arch is then 

20 deformed, whereby said longitudinal arch (9) receives a 
dynamic support during the deformation which is gradually 
dampened • 

2. A shoe sole as claimed in claim 1, charac- 
terized in that in its expanded condition the 

25 second chamber (7) imparts to the portion (12) of the sole 
(2) that is contiguous with the longitudinal arch (9) a 
configuration conforming to the natural shape of the 
longitudinal arch ( 9 ) of the foot in the non weight- 
bearing condition of said arch, 

30 3. A shoe sole as claimed in claim 1 or 2, 

characterized in that the interconnecting 
channel (11) comprises a throttling means for controlled 
and/or predetermined throttling of the flow of the fluid 
(10) between the chambers (6, 7). 

35 4. A shoe sole as claimed in any one of the pre- 

ceding claims, characterized in that at 
least one of the chambers (6, 7) or the interconnecting 
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channel (11) is provided with an external connection 
fitting for supply or removal of fluid (10) and thus 
adaption of the dynamic pronation suppport according at 
will and according to wish. 
5 5. A shoe sole as claimed in claim 4, charac- 

terized in that said external connection fitting is 
formed with a non-return valve in the edge portion of the 
sole (2), said non-return valve connected to the 
associated one of the chambers (6, 7) and/or to the inter- 

10 connecting channel (11) via a connecting passageway. 

6. A shoe sole as claimed in any one of the pre- 
ceding claims, characterized in that the 
first and/or the second chamber (6, 7) is/are divided into 
two or several part chambers. 

15 7. A shoe sole as claimed in any one of the pre- 

ceding claims, characterized in that the 
interconnection channel (11) is arranged in the interior 
of the sole (2) and is formed by two or several part 
channels. 
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